Background. Increasingly, women with a strong family history of breast cancer are seeking genetic testing as a starting point to making significant decisions regarding management of their cancer risks. Individuals who are found to be carriers of a BRCA1 or BRCA2 mutation have a substantially elevated risk for breast cancer and are frequently faced with the decision of whether to undergo risk-reducing mastectomy. Objective. In order to provide BRCA1/2 carriers with ongoing decision support for breast cancer risk management, a computer-based interactive decision aid was developed and tested against usual care in a randomized controlled trial. Design. Following genetic counseling, 214 female (aged 21-75 years) BRCA1/2 mutation carriers were randomized to usual care (UC; n = 114) or usual care plus decision aid (DA; n = 100) arms. UC participants received no further intervention; DA participants were sent the CD-ROM-based decision aid to view at home. Main Outcome Measures. The authors measured general distress, cancer-specific distress, and genetic testing-specific distress at 1-, 6-, and 12-month follow-up time points postrandomization. Results. Longitudinal analyses revealed a significant longitudinal impact of the DA on cancer-specific distress (B = 5.67, z = 2.81, P = 0.005), which varied over time (DA group by time;, P = 0.01), and on genetic testingspecific distress (B = 5.55, z = 2.46, P = 0.01), which also varied over time (DA group by time; P = 0.01). Individuals randomized to UC reported significantly decreased distress in the month following randomization, whereas individuals randomized to the DA maintained their postdisclosure distress over the short term. By 12 months, the overall decrease in distress between the 2 groups was similar. Conclusion. This report provides new insight into the long-term longitudinal effects of DAs.
Background. Increasingly, women with a strong family history of breast cancer are seeking genetic testing as a starting point to making significant decisions regarding management of their cancer risks. Individuals who are found to be carriers of a BRCA1 or BRCA2 mutation have a substantially elevated risk for breast cancer and are frequently faced with the decision of whether to undergo risk-reducing mastectomy. Objective. In order to provide BRCA1/2 carriers with ongoing decision support for breast cancer risk management, a computer-based interactive decision aid was developed and tested against usual care in a randomized controlled trial. Design. Following genetic counseling, 214 female (aged 21-75 years) BRCA1/2 mutation carriers were randomized to usual care (UC; n = 114) or usual care plus decision aid (DA; n = 100) arms. UC participants received no further intervention; DA participants were sent the CD-ROM-based decision aid to view at home. Main Outcome Measures. The authors measured general distress, cancer-specific distress, and genetic testing-specific distress at 1-, 6- I ncreasingly, women with a strong family history of breast or ovarian cancer are seeking genetic testing as a starting point for making significant decisions regarding management of their cancer risks. Lifetime breast cancer risk in women found to carry a BRCA1 or BRCA2 (BRCA1/2) mutation is estimated to be as high as 75%, and ovarian cancer risk may be as high as 40%. 1, 2 For BRCA1/2 carriers, management guidelines recommend breast cancer surveillance with yearly mammograms and breast magnetic resonance imaging beginning between the ages of 25 and 30 years, regular clinician breast examinations, and consideration of risk-reducing mastectomy. 3, 4 For ovarian cancer risk management, risk-reducing oophorectomy is recommended upon completion of childbearing or by age 35 years. Women who have their ovaries removed prior to age 50 years also experience a significant reduction in breast cancer risk. 5, 6 After a woman learns that she carries a BRCA1/2 mutation, she is confronted with a cascade of decisions regarding her breast cancer risk management, most prominently, decisions between riskreducing mastectomy and cancer surveillance. 7 These complex decisions are preference driven and involve multiple tradeoffs between competing options. 8 Given the complexity and preferencedriven nature of these decisions, decision aids have been developed to help BRCA1/2 carriers decide among their risk management options.
Decision aids (DAs) are designed to help individuals reach preference-based medical decisions. 9 They provide information about decision options and possible outcomes along with value clarification tools designed to facilitate informed and preferencesensitive decision making. DAs have been employed for a variety of medical decisions such as decisions about hormone replacement therapy, 10 treatment for breast and prostate cancers, [11] [12] [13] [14] and prostate cancer screening. 15, 16 These DAs have been consistently shown to result in increased knowledge and reduced decisional conflict. 17 Similarly, DAs for cancer risk management decisions among women at increased risk for cancer have led to increased knowledge and decreased decisional conflict. [18] [19] [20] In a previous report, we demonstrated that an interactive DA for BRCA1/2 carriers led to an increased probability of reaching a breast cancer management decision, decreased decisional conflict, and increased decision satisfaction among those who were initially undecided about their breast cancer risk management. 21 We also documented that the DA impacted the trajectory of risk management decisions, suggesting more deliberative decision making for the DA group. 21 Despite substantial evidence for the efficacy of DAs at improving short-term decision-making outcomes, there is little evidence documenting an impact on more distal outcomes such as long-term distress or quality of life. Studies that have measured the impact of decision support on global measures of distress such as anxiety and depression have typically found no effect on either outcome. 11, 19 The few studies that have employed measures of cancer-specific distress have also failed to demonstrate an impact of decision support. [18] [19] [20] Given the lack of research on the longitudinal impact of decision support, there is an emerging consensus that evaluation of DAs should extend beyond short-term measures of decision making such as decisional conflict and knowledge. Indeed, the assumption that short-term reductions in decisional conflict indicate better decision making has been questioned. 22 In understanding the impact of DAs on distress, it may be important to consider the trajectory of distress. For example, management decision making among BRCA1/2 carriers often takes place over an extended period. By fostering extended deliberation, the potential impact of decision support on distress could be delayed. Thus, the impact of a DA on distress may depend upon the time point at which distress is assessed. Consistent with this theory, a randomized trial of in-person decision counseling for breast cancer risk management found that decision counseling led to decreased cancer-specific distress 9 months after exposure to the intervention. 8 Other studies have reported stronger effects on longer term measures related to satisfaction and health outcomes. 12, 23 Thus, measuring the longitudinal impact of decision support may be crucial to gaining a full understanding of its impact.
This report focuses on the impact of decision support on the longitudinal trajectory of psychosocial outcomes of BRCA1/2 mutation carriers. As we have previously reported, 21 we developed our DA using the Ottawa framework for informed decision making. 10, 24 The DA included information about breast cancer risk management options and a valueclarification exercise designed to help participants weigh the risks and benefits of each option for breast cancer risk reduction and/or surveillance. As discussed above, the DA led to improved decisionmaking outcomes among carriers who were initially undecided about how to manage their breast cancer risk. 21 Here, we report on the longitudinal impact of the DA on the trajectory of general, cancer-specific, and genetic testing distress. We hypothesized that the longitudinal trajectories of distress between the DA and usual care (UC) groups would differ. Specifically, we predicted that the impact of the DA on distress would be most apparent over the long term.
METhODS

Participants
Participants were 214 women between the ages of 25 to 75 years who received a positive BRCA1/2 gene test result through the clinical research program at one of the participating sites (Lombardi Comprehensive Cancer Center, Washington, DC; Mount Sinai School of Medicine, New York, NY; and Englewood Hospital and Medical Center, Englewood, NJ) from 2001 to 2005. Eligible participants had not had prior bilateral mastectomy and did not have metastatic breast or ovarian cancer. Genetic counseling was provided free of charge.
Participants were self-referred or physician referred to the genetic counseling programs at each site. As displayed in Figure 1 , a total of 1223 individuals contacted the clinical research programs to inquire about genetic counseling services across all sites, 91% (N = 1109 of 1223) of whom consented to complete a baseline interview as part of their participation in an observational study of patients interested in genetic counseling and testing. Subsequently, 89% (N = 992 of 1109) completed pretest genetic counseling and received BRCA1/2 test results. Overall, there were 333 positive BRCA1/2 test results. Of the 333 BRCA1/2 carriers, 106 were ineligible for randomization for the following reasons: male (n = 46), history of prior bilateral mastectomy (n = 44), under age 25 years (n = 2), age 75 years or older (n = 6), history of metastatic disease (n = 7), and non-English speaker (n = 1). Of the 227 women who were eligible for randomization, 3 (1.3%) declined randomization, 8 (3.5%) did not complete the postdisclosure baseline interview, and 2 (0.9%) were excluded from the study due to clerical errors. The remaining 214 (94% of 227) women completed the baseline interview and were randomized to either UC (n = 114) or DA (n = 100). This final sample size was based on power analyses that suggested a minimum number of 100 per group in order to yield greater than 80% power to detect medium-size (d = 0.40 standard deviations) group differences on our primary study outcomes.
Of the 214 women included in these analyses (Table 1) , 93% were white, 76% were college educated, 67% were married, 48% were employed full time, and 49% were Ashkenazi Jewish (and thus at increased risk for carrying a BRCA1/2 mutation because of the high frequency of BRCA1/2 mutations among individuals of Ashkenazi Jewish descent). The mean age of participants was 44 years (range, 21-75 years). Thirty-seven percent were affected with breast cancer and 10% with ovarian cancer (mean time since diagnosis of either cancer = 7.7 years).
Procedure
This randomized trial was nested within a larger observational study assessing the outcomes of BRCA1/2 testing. Before receiving genetic counseling, participants consented to participation in the observational study and to participation in the DA trial if they were determined eligible. Following pretest genetic counseling, and once BRCA1/2 test results were available, participants completed a genetic counseling disclosure session during which the counselor discussed test result implications, risk management options/recommendations, and physician referrals. Since this was a high-risk population, data regarding the efficacy of various screening and risk-reducing options, including risk-reducing surgeries, were reviewed, and recommendations were consistent with guidelines for high-risk individuals. Following the disclosure session, participants were contacted for a routine 2-week follow-up telephone call and were mailed a summary letter outlining all guidelines and recommendations specific to their test result and personal/family history of breast and ovarian cancer.
One month following the disclosure session, participants were contacted by a research assistant for a baseline interview to assess behaviors, management intentions, and psychosocial outcomes (general distress, cancer-specific distress, and genetic testing-specific distress). After completing this interview, eligible participants provided verbal consent for participation in the randomized control trial and were randomized by the research assistant in a 1:1 ratio to either the UC (n = 114) or usual care plus DA (DA; n = 100) arm. Randomization sequences were generated for each research site in blocks of 4 using the SAS software package (SAS Institute, Cary, NC), and research assistants were kept blind to the randomization sequences until the interventions were assigned. Participants assigned to the UC arm received no further intervention, while participants in the DA arm were mailed the CD-ROM-based interactive DA via priority mail. We completed follow-up telephone interviews with all participants at 1, 6, and 12 months postrandomization.
UC
All participants received standard genetic counseling, as described above; see previous reports for a more detailed description of standard genetic counseling for BRCA1/2 provided through this protocol. 25 
DA Intervention
After completing UC, DA participants were sent the CD-ROM-based interactive DA via priority mail. We have previously described the content and development of the DA. 26 Following a brief introduction and tutorial, the user completed a series of questions that were used to tailor the content based on age, menopausal status, breast cancer history, tamoxifen use, and oophorectomy history. The informational content of the DA was divided into 4 sections: 1) the "Breast Cancer Information" section reviewed information on breast cancer causes, prevention, and treatment; 2) the "Risk Communication" section provided individually tailored breast and ovarian cancer risk information; 3) the "Risk Management Options" section provided a detailed overview of the pros and cons of each management option with a particular focus on the advantages and disadvantages of choosing one option over another; and 4) the "Interactive Decision Task" section guided participants through a multiattribute value model 27 and provided feedback on the management option that the participant appeared to favor based on the results of this task.
Measures
Control Variables
Sociodemographics. In the precounseling interview, we assessed age, race, education level, marital status, employment status, health insurance status, and ethnic background.
Medical/family history. In the precounseling interview, we assessed personal and family history of cancer, cancer screening behavior, and surgical history.
Outcome Variables
We assessed outcome variables at the time of randomization and in the 1-, 6-, and 12-month postrandomization interviews. General distress. We used the 12-item Brief Symptom Inventory (BSI) to measure general distress. 28 The BSI is a 5-item Likert-style scale used to assess anxiety and depressive symptoms. We used a modified 4-point scale ("not at all" to "extremely") to determine the discomfort experienced during the previous 2 weeks. 21 Cancer-specific distress. We measured cancer-specific distress with the Likert-style 15-item Impact of Event Scale (IES). 29 The IES is designed to assess the stress associated with a specific life event, in this case, risk for cancer, indicating avoidant and intrusive feelings, thoughts, or behaviors.
Genetic testing distress. We used the Multidimensional Impact of Cancer Risk Assessment Questionnaire (MICRA) to evaluate postdisclosure genetic testing distress. 30 The MICRA is a 25-item scale developed to measure specific responses to the receipt of genetic test results; it uses a 4-point scale to assess 3 main factors (distress, uncertainty, and positive experiences) that are combined as a total score.
Management decision.
At the postdisclosure baseline and each follow-up interview, we asked participants, "Have you made a final decision about how to manage your risk for breast cancer?" We also asked participants whether they had obtained a risk-reducing mastectomy since the previous assessment. Participants responded either "yes" or "no" to each question.
Statistical Analyses
We conducted preliminary bivariate analyses to identify baseline group differences. We then evaluated the impact of study site and of recruiting multiple members of the same family on our outcomes. As the impact of these variables was negligible, we did not include them in subsequent analyses. We compared mean scores on all outcome measures at follow-up time points, adjusting for baseline scores on these measures, using a repeated measure ANOVA. We conducted linear regression using generalized estimating equations (GEEs) to evaluate the longitudinal impact of the DA intervention. 31 Our primary analyses used an intention-to-treat approach in which all participants were included regardless of whether they viewed the intervention. We also conducted follow-up per protocol analyses in which we removed individuals who had not viewed the intervention. We conducted all analyses controlling for baseline scores on the outcome of interest and for potential baseline confounders, including whether the patient had her ovaries removed at baseline and whether the patient had a history of breast cancer. We also controlled for whether the participant had made a decision regarding breast cancer risk management at baseline, as it was an important moderator of DA impact in our previous report. 21 In each model, we included a time factor and the group by time interaction term to evaluate the longitudinal effect of group. We also conducted follow-up pointto-point analyses with standard multiple linear regression to examine changes from baseline to 1 month postrandomization, from 1 month to 6 months, and from 6 months to 12 months. For pointto-point regression models, only women who completed 1-, 6-, and 12-month postrandomization interviews were included (88% of randomized participants, n = 188).
RESULTS
Baseline Comparisons
We randomized 214 individuals to the DA (n = 100) or UC (n = 114) ( Table 1 ). At the time of randomization, DA participants were more likely to have been diagnosed with ovarian cancer (15% v. 6%, χ 2 [df = 1, N = 214] = 4.5, P = 0.03) and to have had an oophorectomy (27% v. 13%, χ 2 [df = 1, N = 214] = 8.0, P = 0.005). Since these variables were highly confounded, we chose to control for the stronger effect, baseline ovarian status (i.e., whether the participant had her ovaries at the time of baseline), in multivariate analyses. Inclusion of the potential confounders of baseline decision status (i.e., whether the participant reported having made a final breast cancer risk management decision at the time of randomization) and whether the patient had a history of breast cancer did not significantly impact either the main effects of our models, nor did it impact the interaction terms, and as a result, these variables were excluded from the final multivariate models. All other demographic and medical history variables were comparable between the groups. Differences in distress levels were not observed by research site.
Intent-to-Treat Analyses
General Distress
Means for general distress by randomization group across the year following testing are displayed in Figure 2A . To evaluate the impact of the DA on general distress, we conducted a linear regression using GEE (controlling for general distress and baseline ovary status). As displayed in Table 2 
Cancer-Specific Distress
As displayed in Table 2 , multiple linear regression with GEE (controlling for cancer-specific distress, ovary status, and decision status at the time of randomization) revealed a significant longitudinal Figure 2B ). To characterize this interaction effect, we conducted point-to-point analyses using multiple linear regression (controlling for ovary status and management decision at randomization). These analyses included only the individuals who completed 1-, 6-, and 12-month postrandomization interviews (n = 89 in DA group and n = 99 in UC group). From baseline (i.e., postdisclosure and prerandomization) to 1 month postrandomization, controlling for prerandomization distress, the UC group exhibited decreased distress relative to the DA group (B = 3.95, z = 2.61, P = 0.01). In contrast, from 1 to 6 months, controlling for distress at 1 month postrandomization, the DA group exhibited significantly decreased distress relative to the UC group (B = -3.71, z = -2.35, P = 0.02). There was no significant difference between the groups from 6 to 12 months (B = -1.05, z = -0.67, P = 0.51). Importantly, the only time point in which the meanadjusted cancer-specific distress scores for the 2 groups differed significantly was at the 1-month postrandomization point (P = 0.02).
Genetic Testing-Specific Distress
As displayed in Table 2 , multiple linear regression with GEE (controlling for genetic testing distress, ovary status, and decision status at the time of randomization) revealed a significant longitudinal impact of the DA on genetic testing-specific distress (B = 5.55, z = 2.46, P = 0.01), which was modified by a significant DA by time interaction (DA by time; B = -2.46, z = -2.51, P = 0.01) ( Figure 2C ).
To further characterize the time by DA interaction, we again conducted point-to-point regression analyses. The UC group exhibited decreased distress relative to the DA group from baseline to 1 month postrandomization (B = 3.08, z = 2.01, P = 0.04). From 1 to 6 months postrandomization (controlling for distress at 1 month), the groups did not differ on change in genetic testing distress (B = -1.35, z = -1.08, P = 0.28). Similarly, from 6 to 12 months postrandomization (controlling for distress at 6 months), the groups did not differ on change in distress (B = -0.32, z = -0.25, P = 0.80). As was the case for cancer-specific distress, the only time point at which the mean-adjusted genetic testing-specific distress scores for the DA and UC groups differed significantly on distress was at 1 month postrandomization (P = 0.04).
Use of DA
Of the 100 DA participants included in these analyses, 36 (36%) reported that they did not use the DA. Thus, we conducted follow-up per protocol analyses to evaluate the impact of the DA among individuals who reported using it (n = 64). As in the intent-to-treat analyses, we adjusted for group differences in ovarian status at randomization. Table 3 describes the results of the GEE models comparing DA users to UC. As in the intent-to-treat analyses, DA use was not associated with general distress (B = -0.78, z = -0.82, P = 0.41). For cancer-specific and genetic testing-specific distress, the trajectories of distress were identical to the intent-to-treat sample; however, eliminating participants who did not use the DA strengthened the effects. Specifically, use of the DA relative to UC was longitudinally associated with cancer-specific distress (B = 7.42, z = 3.30, P = 0.001), and this effect varied over time (DA by time; B = -2.95, z = -2.79, P = 0.005). Similarly, for genetic In these analyses, mean scores of cancerspecific and genetic testing-specific distress adjusted for baseline levels were also greater among the DA group at 1 month postrandomization (P = 0.009 and 0.04, respectively), and individuals in the DA group who viewed the DA reported significantly lower genetic testing-specific distress 12 months postrandomization than did the UC group (P = 0.03).
DISCUSSION
Deciding how to manage breast cancer risk following a positive BRCA1/2 test result can be a complex and emotion-laden process. In the absence of definitive guidelines, many women are left to make decisions on the basis of their own knowledge and preferences. In this study, we examined the impact of a computer-based interactive DA among women who had recently received a positive BRCA1/2 result on distress over the year following randomization to the DA or UC intervention. We identified different distress trajectories in the DA and the UC groups. Individuals randomized to UC reported significantly decreased distress in the month following randomization. In contrast, individuals randomized to the DA maintained levels of distress similar to their postrandomization baseline levels. By 12 months, the overall decrease in distress between the 2 groups was similar.
Our finding that the psychosocial impact of the DA varied over time contrasts with prior studies.
These studies have been inconsistent in their measurement of distress. For example, some studies have not measured distress at all. 12, 32, 33 Others have measured distress at only one time point 18 or with a single measure. 11, 34 These inconsistencies may have obscured the activity of decision support interventions on measures of distress. This may partly explain the failure of meta-analyses to detect effects of decision support on distress. 17 Although the UC and DA groups did not differ on distress at 12 months postrandomization, our study suggests that decision support impacted the trajectory of distress among BRCA1/2 carriers. One of the goals of decision support is to foster deliberation about decision options. 35 Indeed, the sustained distress at 1 month following randomization among women in the DA group may reflect ongoing cognitive processing and extended deliberation about their management options. This is consistent with our previous report in which UC participants were more likely to opt for risk-reducing mastectomy in the month following randomization, but DA participants were more likely to opt for risk-reducing mastectomy after deliberating for 6 to 12 months following randomization. 21 If short-term increases in cancer-specific and genetic testing distress are a reflection of ongoing deliberation or cognitive processing, this could have clinical implications. For example, if sustained levels of short-term distress indicate better, more deliberative decision making, it would be important to incorporate this clinically as a functional element of the decision-making process. Our previous report from this trial provides some evidence for this. In that report, we found that women in the DA group ultimately reported improved satisfaction and reduced decisional conflict over the long term. 21 There is a considerable body of research suggesting that intrusive thoughts or stressor-specific distress may be necessary for adequate cognitive processing of traumatic events. 36 If this were the case, we would expect the DA group to exhibit greater distress in the short term, as they are more actively processing their risk-reduction and surveillance options, and then decreased distress over longer periods of time.
Although our intent-to-treat results suggest that the UC and DA groups did not differ on our distress measures at 12 months, when we consider only those DA participants who viewed the DA, we do see significantly lower genetic testing distress at 12 months relative to UC participants. This finding is consistent with the possibility of sustained psychosocial benefits for an individual exposed to the DA. If the DA fostered cognitive processing, we might also expect to see DA participants reporting more positive outcomes such as traumatic growth or meaning finding once they have made their management decisions. Unfortunately, our study did not include measures of traumatic growth. It is also possible that the benefits of deliberative decision making may vary across decisions and individuals. There is experimental evidence that nondeliberative decision making can be more effective in some situations. 37 However, these studies have been challenged by further experimental data, which in some cases, suggest that deliberation may be beneficial. 38, 39 More research is needed to understand this and to apply it towards delivering the most effective support to the patients who are most likely to benefit from it. Additionally, our knowledge of the longer term outcomes of DAs remains limited. Perhaps decision support provided at the right time for the right decisions could have an impact on the way that patients experience future events related to, or stemming from, their decisions (cancer diagnoses, preventative surgeries, etc.).
This study has a number of limitations. There were a relatively small number of women who obtained risk-reducing mastectomy during the study. Thus, we were underpowered to examine actual decision-making outcomes. Further, actual usage of the DA was not tracked. As such, it is unclear which parts of the DA may be responsible for the effects seen in this study. Further research is needed to identify the components of DAs that most profoundly impact outcomes of interest. Also, the DA focused only on breast cancer risk management. It is possible that a broader focus on breast and ovarian cancer risk management might have led to different outcomes. Finally, the lack of diversity in the sample population limits the generalizability of these results; whether these results could be replicated in a lower socioeconomic status population remains to be seen.
Despite these limitations, this report provides new insight into the long-term longitudinal effects of DAs and raises intriguing possibilities for mechanisms of deliberative decision making. Future research should further refine our understanding of the decision-making trajectory, the factors that influence that trajectory, and outcomes reflective of each stage along that trajectory.
